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Editorial on the Research Topic

Energy Recovery from Agro-FoodWaste

Climate change is one of the most significant challenges of our time. Food waste generation is also
a growing problem in our society (USEPA, 2020a). Nowadays, the main food-waste management
options and the final disposal in landfills negatively affects the climate change due to the emission of
greenhouse gases (methane and nitrogen oxides). The waste hierarchy identifies the best options for
waste management, offering alternative solutions to landfills, intending to consider waste a valuable
resource. More recently, one of the priorities has been to recycle as much of the material and energy
contained in generated waste as possible. Only after extracting the maximum value from waste can
a sustainable society be reached.

Additionally, fossil fuels for energy generation is one of the primary sources of atmospheric
emissions causing climate change. This problem is also continuously growing because of the
increasing demand for energy worldwide. The environmental impact cannot be solved only by
reducing the energy demand, as access to energy is required to achieve an improved quality of life,
as well as for economic development.

A good solution considering the energy and food waste problems could be converting food waste
into energy (USEPA, 2020b). One of the most widely generated kinds of waste is agro-food waste.
Agro-food waste has a tremendous renewable energy potential because this waste is characterized
by its high organic load and biodegradability (Osman et al., 2019). Moreover, due to its relationship
with food production, agro-food waste is unavoidably generated. The recovery of energy from
these kinds of waste offers an excellent opportunity to obtain value. At the same time, the waste
is stabilized, ultimately resulting in a double advantage.

The energy produced from agro-food waste presents minimal environmental impact and can be
considered clean and renewable energy. The recovery of energy from agro-food waste integrates
conversion processes (physical, chemical, electrochemical, and biological) to produce heat energy,
fuels (methane, hydrogen, ethanol, etc.) and electrical energy. There are a vast number of processes
that can be utilized to extract the energy contained in agro-food waste and most of them still
require exploration.

To respond to this challenge, we have compiled a collection of research articles dedicated to
the many facets of Energy Recovery from agro-food waste. Agro-food wastes represent a significant
share of the energy sources used at the same time that means an environmental integration of waste
management with sustainable energy generation.

The papers presented here address the topic from different perspectives, physicochemical and
biological, providing readers with a range of questions and challenges associated with the Energy
Recovery from Agro-Food Waste. The subjects examined in this issue are wide-ranging, from the
benefits of the expanded granular sludge bed reactors for the biological transformation of acid
brewery spent grain leachate, to the energy recovery of different residual biomass from cocoa and

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://www.frontiersin.org/journals/sustainable-food-systems#editorial-board
https://doi.org/10.3389/fsufs.2021.833178
http://crossmark.crossref.org/dialog/?doi=10.3389/fsufs.2021.833178&domain=pdf&date_stamp=2022-01-21
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles
https://creativecommons.org/licenses/by/4.0/
mailto:fcojesus.fmorales@uclm.es
https://doi.org/10.3389/fsufs.2021.833178
https://www.frontiersin.org/articles/10.3389/fsufs.2021.833178/full
https://www.frontiersin.org/research-topics/14587/energy-recovery-from-agro-food-waste


Fernández Morales Editorial: Energy Recovery From Agro-Food Waste

coffee mucilage as well as swine manure, to the modelization
of the anaerobic processes related to the energy valorization
to improve the design and operation of the processes, to
the energetic valorization of cereal and coffee wastes through
of co-digestion, to the hydrothermal liquefaction of food
wastes. Several themes emerge from this compendium. Pre-
eminent among them are the: (i) importance of agro-food
waste management, (ii) feasibility of different management
approaches, and (iii) energy recovery potential of agro-food
wastes. There are numerous overlaps among themes. For
instance, wastes characterization, blending mixtures, methane
and hydrogen generation and energy consumption ratios (ECR)
amongst others.

The theme of physicochemical treatments, using
Hydrothermal liquefaction (HTL), is central to the article
by Bayat et al. who consider the feasibility of converting food
waste to bio-crude oil via hydrothermal liquefaction at moderate
temperature and reaction times. From the treatment process
developed, the authors indicated that low temperature HTL
processes yielded positive net energy results, whereas increasing
the operating temperature and reaction times increased the
ECR over the unity, indicating that, under these operational
conditions, no net energy was produced. The highest energy
recovery was obtained when operated at 240◦C for 30min,
which yielded an ECR equal to 0.6. The bio-crude oil obtained
was characterized utilizing Fourier Transform Ion Cyclotron
Resonance Mass Spectroscopy (FT-ICR MS) obtaining that the
majority of the compounds in the bio-crude oil produced at
240◦C for 30min were oxygen containing species, being the O4
the most abundant class of heteroatom-containing compounds.

The second theme, methane and hydrogen generation
employing bioprocesses, focuses on the feasibility of blending
wastes at different ratios to enhance the energy production. Sousa
et al. propose a novel blending based on the combination of
cereal, exhausted coffee wastes/liquor and pig slurry to highlight
the importance of the C/N ratio in the anaerobic digestion
process. Additionally, the authors analyze the results through the
lens of circular bio-economy bringing to the fore the inherent
net positive energy stored in the wastes that could be recovered
and recycled as biogas. This biogas could be subsequently used
for future bio-energy solutions. Amado et al. study the anaerobic
digestion of blends of coffee mucilage, cocoa mucilage and
swine manure. The latter authors also focus their study not
only on the methane, but also on the hydrogen production by
means of dark fermentation processing of the waste blends.
In these studies, the energy recovery potential of the residual
wastes mixtures were determined. Finally, in the work carried
out by Amado et al. anaerobic digestion and dark fermentation
models were developed for the simulation of the bioprocesses,

obtaining accurate predictions, and beneficial information for
process engineering and operation.

The third emergent theme in this issue is the energetic
valorization of the products contained not only in the biogas,
but also on the digestate. During the acidogenesis step of
the anaerobic digestion, hydrogen and carbon dioxide are
produced, along with a wide spectrum of fermented products
such as Volatile Fatty Acids (VFA) and ethanol, amongst
others. Nowadays, the VFA are usually produced from fossil
sources and their potential production from renewable sources
seems an exciting option. These chemical compounds, amongst
others, acetate, propionate, butyrate and residual carbohydrates,
could be converted into energy. In the work presented
by Castilla-Archilla et al. the hydrogen generation as well
as the VFA production during the continuous anaerobic
treatment of the effluent generated in a brewing industry
is studied using granular and flocculent cultures. In the
literature many works have focused on hydrogen production,
as the main product of the dark fermentation, without paying
attention to the VFA generation; nonetheless, Castilla-Archilla
et al. focused their work on the maximization of both, the
hydrogen and VFA yield, to convert a simple wastewater
treatment process into a combined wastewater treatment-
chemical production bioprocess.

Finally, this volume deals with the breadth of researchable
questions associated with the energy valorization of the food
wastes, the feasibility of the processes and the importance of
the wastes blending in the frame of the circular economy.
Nowadays, the energy sources are changing to more sustainable
ones, standing up the food wastes as one of the most interesting
ones because of its double advantage, the waste treatment and
the energy valorization. The answers to many of the questions
emerging in the articles of this special issue remain elusive. But
if good research raises more questions than it answers, then it
would serve as a stimulus for further research focused on the
energy valorization of the agro-food wastes in the frame of the
circular economy.
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